Background Transesophageal echocardiography (TEE) has been used recently to detect atrial thrombi before cardioversion of atrial arrhythmias. It has been assumed that embolic events after cardioversion result from embolism of preexisting atrial thrombi that are accurately detected by TEE. This study examined the clinical and echocardiographic findings in patients with embolism after cardioversion of atrial fibrillation despite exclusion of atrial thrombi by TEE.
Background Transesophageal echocardiography (TEE) has been used recently to detect atrial thrombi before cardioversion of atrial arrhythmias. It has been assumed that embolic events after cardioversion result from embolism of preexisting atrial thrombi that are accurately detected by TEE. This study examined the clinical and echocardiographic findings in patients with embolism after cardioversion of atrial fibrillation despite exclusion of atrial thrombi by TEE.
Methods and Results Clinical and echocardiographic data in 17 patients with embolic events after TEE-guided electrical (n=16) or pharmacological (n=1) cardioversion were analyzed. All 17 patients had nonvalvular atrial fibrillation, including four patients with lone atrial fibrillation. TEE before cardioversion showed left atrial spontaneous echo contrast in five patients and did not show atrial thrombus in any patient. Cardioversion resulted in return to sinus rhythm without immediate complication in all patients. Thirteen patients had cerebral embolic events and four patients had peripheral embolism occurring 2 hours to 7 days after cardioversion.
None of the patients were therapeutically anticoagulated at the time of embolism. New or increased left atrial spontaneous echo contrast was detected in four of the five patients undergoing repeat TEE after cardioversion including one patient with a new left atrial appendage thrombus.
Conclusions Embolism may occur after cardioversion of atrial fibrillation in inadequately anticoagulated patients despite apparent exclusion of preexisting atrial thrombus by TEE. These findings suggest de novo atrial thrombosis after cardioversion or imperfect sensitivity of TEE for atrial thrombi and suggest that screening by TEE does not obviate the requirement for anticoagulant therapy at the time of and after cardioversion. A randomized clinical trial is needed to compare conventional anticoagulant management with a TEEguided strategy including anticoagulation after cardioversion. Antithrombotic therapy at the time of TEE comprised no therapy (n=7); aspirin (n=4); intravenous heparin (n=3), including 1 patient also receiving warfarin; subcutaneous dalteparin (low-molecular-weight heparin) (n=2), including 1 patient also receiving aspirin; and subcutaneous heparin (n= 1). The duration of anticoagulant therapy in the 6 patients receiving heparin and/or warfarin was 1 to 11 days. Only 3 of the 17 patients were therapeutically anticoagulated at the time of TEE.
Cardioversion
Sixteen patients underwent electrical cardioversion using synchronized DC shocks. Electrical cardioversion was performed within 24 hours after TEE in 13 patients and 7 to 21 days after TEE in 3 patients. Patients received 2.2±1.3 shocks (range, 1 to 6), with a maximum single shock of 227±100 J (range, 100 to 360) and cumulative of 419±356 J (range, 100 to 1420). All 16 patients were successfully cardioverted to sinus rhythm. The single patient receiving pharmacological cardioversion commenced quinidine 3 hours after TEE and reverted to sinus rhythm 19 hours after TEE. There were no immediate complications of cardioversion in the 17 patients. Three patients reverted to atrial fibrillation within 24 hours after cardioversion.
Antithrombotic therapy at the time of cardioversion comprised no therapy (n=5); aspirin (n=4); intravenous heparin (n=3), including 1 patient also receiving warfarin; subcutaneous heparin (n=3); and subcutaneous dalteparin (n=2), including 1 4 patients, spontaneous echo contrast was not previously present (n=2) or showed markedly increased intensity (n=2) compared with the precardioversion study. One patient with mild left atrial spontaneous echo contrast without thrombus at the precardioversion study had increased spontaneous echo contrast and a fresh thrombus adjacent to the lateral wall of the left atrial appendage detected by TEE 4 days after embolism.
Discussion
Embolism represents an uncommon but feared complication after cardioversion of atrial arrhythmias. Although prolonged anticoagulation before and after cardioversion has been recommended,21 such therapy is not universally used, particularly in patients with recentonset or postoperative atrial fibrillation. This may reflect the absence of randomized trials, the occurrence of embolism despite anticoagulation,5'7-10 the risk of bleeding, and additional cost, inconvenience, and delay.
Recently, investigators have used TEE to screen for atrial thrombi before cardioversion of atrial arrhythmias.11-13 The rationale for TEE is based on two assumptions. Embolism after cardioversion has been assumed to result from propulsion of preexisting atrial thrombus into the circulation.2'4'22 It also has been assumed that TEE is a highly sensitive method of detecting atrial thrombi. The finding in the present study that embolism may occur despite apparent exclusion of preexisting atrial thrombus by TEE requires that these assumptions be reassessed.
Characteristics of Patients With Embolism
Patients in the present series featured a spectrum of risk factors for embolism. The Stroke Prevention in previous embolism, and hypertension, were present in 11 patients in the present series. Six patients in this series had left ventricular dysfunction, and most patients had left atrial dilation. However, the series included 4 patients with lone atrial fibrillation, which is associated with low embolic risk. 16 We also assessed the presence of left atrial spontaneous echo contrast detected by TEE. This echocardiographic phenomenon reflects atrial stasis and altered systemic hematologic parameters, thereby reflecting two arms of Virchow's triad of factors influencing thrombosis, and is a marker of left atrial thrombus and previous embolism in patients with nonvalvular atrial fibrillation.'8'24 Spontaneous echo contrast was detected before cardioversion in only 5 patients, suggesting that this finding has limited predictive value for embolism in patients undergoing cardioversion.
The most characteristic feature of patients in this series is inadequate anticoagulation. No patient was therapeutically anticoagulated at the time of embolism, and no patient received prolonged anticoagulation before cardioversion. Manning et all" recently used TEE to avoid prolonged anticoagulation before cardioversion. Although not all patients in that study received anticoagulants at the time of and after cardioversion, no embolic events were detected (95% confidence interval, 0% to 4.6%). It was suggested that cardioversion using TEE without prolonged anticoagulation may be safer than cardioversion using anticoagulation without TEE.14 The present series shows that screening by TEE without adequate anticoagulation does not preclude the risk of embolism and supports the use of anticoagulant therapy at the time of and for a period after cardioversion. This series also suggests that aspirin and/or subcutaneous heparin may not provide adequate protection against embolism in the cardioversion setting.
Detection of Atrial Thrombus by TEE
The rationale for TEE-guided cardioversion assumes that TEE is an accurate method for the detection of atrial thrombus. Could Conversely, these findings do not preclude a role for preexisting atrial thrombus in the pathogenesis of postcardioversion embolism. Detection of preexisting atrial thrombus by TEE presumably identifies a subgroup of patients with increased risk for embolism in whom cardioversion can be deferred and antithrombotic therapy can be commenced or continued.
Although not all embolic events during atrial fibrillation result from left atrial thrombi,34 only 4 patients in the present series had a potential source of embolism other than the left atrium. The four patients with recurrent atrial fibrillation also illustrate the probable heterogeneity of embolism related to cardioversion. One patient had embolism after quinidine cardioversion. Previous reports suggest that the risk of embolism after pharmacological and electrical cardioversion is similar.2'22 Study Limitations
The precise incidence of embolism after TEE-guided cardioversion cannot be determined from the present study, which comprises a selected patient population. Nevertheless, the study demonstrates that embolic events still may occur despite screening by TEE. De-tailed left atrial and appendage mechanics were not assessed, and not all patients underwent repeat TEE after cardioversion. We 
